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The use of synovial flu id -derived mesenchymal stem cells 
(SFMSCs) obtained from patients with degenerative 
arthropathy may serve as an alternative therapeutic 
strategy in osteoarthritis (OA) and rheumatoid arthritis 
(RA). For treatment of OA and RA patients, autologous 
transplantation of differentiated MSCs has several bene- 
ficial effects for cartilage regeneration including immuno- 
modulatory activity. In this study, we induced chond- 
rogenic differentiation of SFMSCs by inhibiting protein 
kinase A (PKA) with a small molecule and microRNA 
(miRNA). Chondrogenic differentiation was confirmed by 
PGR and immunocytochemistry using probes specific for 
aggrecan, the major cartilaginous proteoglycan gene. 
Absorbance of alcian blue stain to detect chondrogenic 
differentiation was increased in H-89 and/or miRNA-23b- 
transfected cells. Furthermore, expression of matrix meta- 
lloproteinase (MMP)-9 and MMP-2 was decreased in treated 
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cells. Therefore, differentiation of SFMSCs into chon- 
drocytes through inhibition of PKA signaling may be a 
therapeutic option for OA or RA patients. 



INTRODUCTION 

Major restrictions to therapy of dannaged adult cartilage include 
the attenuated intrinsic self-healing capacity and a low abun- 
dance of regenerated chondrocytes in sites of injured cartilage 
(Yannaoka et al., 2006). To overconne these problenns during 
cartilage regeneration and repair, several techniques including 
cell-therapy, gene therapy, and protein therapy have been pro- 
posed (Zhai etal., 2001). 

Mesenchynnal stenn cells (MSCs) are present in various adult 
tissues and differentiate into various cell types of connective 
tissue lineage including bone, fat, nnuscle, and cartilage (An- 
dersen et al., 2011; Barry and Murphy et al., 2004). Due to this 
nnulti-potential capacity, MSCs can play a key role in the 
nnaintenance of honneostasis in bone and cartilage. Thus, 
MSCs are considered as strong candidates for cell-based ther- 
apies for regeneration or replacennent of not only dannaged 
skeletal tissues, but also soft tissue organs (De Ugarte et al., 
2003; Friedenstein, 1980; Horwitz et al.,1999; Prockop et al., 
2000). Annong nunnerous studies related to MSCs in adult tis- 
sues, nnany have been concerned with synovial fluid-derived 
nnesenchynnal stenn cells (SFMSCs) obtained fronn patients with 
prinnary knee osteoarthritis (OA) (Jones et al., 2010; Lee et al., 
2012; Sakaguchi et al., 2005; Sekiya et al., 2012). Connpared to 
MSCs produced fronn other tissues, SFMSCs have a higher 
chondrogenic capacity and can be harvested easily during 
arthrocentesis or routine arthroscopic exannination without 
dannaging nornnal tissue (Iwata et al., 1993; Nishinnura et al., 
1999). A study reported that SF derived nnesenchynnal progeni- 
tor cells (SF MFCs) reduce the inflannnnatory intra-articular 
environnnent in rheunnatoid arthritis (F^) joints (Jones et al., 
2004). Chondrocyte differentiation involves MSC condensation, 
recruitnnent, and nnigration, followed by differentiation and nnatu- 
ration into cartilage (Goldring et a!., 2006; Olsen et al., 2000). 
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Different protein kinases regulate connplex cellular processes, 
and thus chennical connpounds that target specific protein ki- 
nases can be used to alter cellular functions such as differentia- 
tion into various cell types (Cohen, 1999; Davies et al., 2000). 
Along these lines, we previously reported that nnodulation of the 
activity of protein kinases causes recognizable changes in the 
specific differentiation rates of MSCs based on the ability of 
screening inhibitors and activators of nnajor protein kinase sub- 
fannilies to alter the orchestration of nnultiple signaling pathways 
(Hwang et al., 2008). 

MicroRNAs (nniRNAs) are a class of non-coding RNAs (-22 
nt in length) that play a key role in controlling gene expression 
by post-transcriptional regulation of target nnRNAs or transla- 
tional inhibition of target protein by associating with the 3'- 
untranslated region (3'UTR) of target genes (Jin et al., 2012). 
Innportantly, nniRNAs can regulate a wide range of cellular pro- 
cesses including cell proliferation, apoptosis, ennbryonic devel- 
opnnent, and differentiation (Bagga et al., 2005; Giraldez et al., 
2006; Wu et al., 2006; Xiong et al., 2013). Only a few studies 
have evaluated nniRNA expression during chondrogenic differ- 
entiation in MSCs (Kobayashi et al., 2008; Nakannura et al., 
2011; Yan et al., 2011). Thus, specific nniRNAs and the associ- 
ated target genes that regulate chondrocyte differentiation have 
not been well established. 

Here, we identified the therapeutic possibility of SFMSCs by 
inducing their differentiation into chondrocytes. We found that 
H-89 and nniRNA-23b facilitated differentiation of SFMSCs into 
chondrocytes. These differentiated stenn cells nnay be an inn- 
portant tool for autologous stenn cell therapy in repairing dann- 
aged cartilage. 

MATERIALS AND METHODS 

Isolation of SFMSCs from patients with OA 

Synovial fluid sannples were obtained fronn 10 osteoarthritis 
patients by joint puncture. SFMSCs were isolated fronn synovial 
fluid within 4 h of aspiration. The sannples were washed with 
phosphate buffered saline (PBS) with 0.1 M EDTAfor 10 nnin at 
X 363 g The cells were then collected and suspended in DMEM 
containing 10% fetal bovine serunn (FBS, Hyclone, USA) and 
incubated in 37°C with 5% CO2. After 3 days, the nnediunn was 
replaced to rennove non-adherent cells. Ethical approval for the 
use of SFMSCs was obtained fronn the Institutional Review 
Board of Catholic University Medical center. 

Cultures of synovial fluid cells, bone marrow-derived mes- 
enchymal stem cells (MSCs), and HeLa cells 

Synovial fluid was diluted PBS, filtered through a 70 nnnn nylon 
filter (Becton Dickinson, USA) to rennove debris, and plated in 
60 cnn^ culture dishes (Nalgene Nunc International, USA) in 
connplete culture nnediunn consisting of nnodified essential nne- 
diunn (a-MEM; Invitrogen, USA) supplennented with 10% fetal 
bovine serunn (Invitrogen), 100 U/nnI penicillin, 100 nng/nni strep- 
tonnycin, and 250 ng/nni annphotericin B (Invitrogen). Cells were 
incubated at 37°C in a 5% hunnidified CO2 atnnosphere. Hunnan 
bone nnarrow derived MSCs (BMMSCs, Cat no: PT-2501) were 
purchased fronn Lonza (USA). BMMSCs were nnaintained ac- 
cording to the nnanufacturer's instruction. We used passage 5-7 
hMSCs for differentiation. The HeLa (hunnan epithelial carcino- 
nna) cell line was purchased fronn the ATCC (USA) and cultured 
according to the ATCC guidelines. 

Chondrocyte differentiation 

For inducing differentiation of MSCs into chondrocytes, cells 
were plated on culture dish or plate. Cells were plated at -60% 



confluence in 10% FBS contained DMEM. 1 |liM H-89 was 
treated onto cells every 3 days and 100 nM nniR-23b nninnic was 
transfected into cells every 7 days. Cells were incubated for 11 
days while the culture nnedia were replaced every 3 days. After 
11 days, chondrogenic differentiated cells were collected. 

Real-time polymerase chain reaction (PCR) 

RNA was extracted using 500 [i\ of Trizol® reagent (Signna, 
USA). Total cellular RNA was extracted using chlorofornn, iso- 
propanol, and a DEPC-treated 75% ethanol procedure. RNA 
was re-suspended in 40 )il nuclease-free water. The quantity 
and quality of the isolated RNA was deternnined by calculating 
the OD260/OD280 ratio with a DU 640 spectrophotonneter 
(Eppendorf, Gernnany). The threshold cycle (Ct) of each target 
gene was defined autonnatically in the linear PCR annplification 
phase and nornnalized to the cycle nunnber of the U6 control 
(^Ct value). The relative difference in expression levels of each 
nniRNA was calculated (^Ct) and reported as fold induction (Z 
^Ct). The sequences of hsa-nniRNA prinners were: nniRNA-23b: 
5'-AUCACAUUGCCAGGGAUUACC-3', miRNA-26a: 5'- 
UUCAAGUAAUCCAGGAUAGGCU-3', miRNA-133a: 5'UUU- 
GGUCCCCUUCAACCAGCUG-3', miRNA-181a: 5'-AACAUU- 
CAACGCUGUCGGUGAGU-3' and miRNA-221: 5'-AGCUA- 
CAUUGUCUGCUGGGUUUC-3'. Total synthesized cDNAwas 
used for real-tinne PCR, which was detected with SyberGreen 
dye. In addition, aliquots of the RT reaction nnixture were sub- 
jected to PCR for following prinner set: GAPDH, 5'-CATGGGT- 
GTGAACCATGAGAA-3 and 5'-GGTCATGAGTCCTTCCACG- 
AT-3 (133 bp); Aggrecan, 5'-TTCAGTGGCCTACCAAGTGG- 
CATA-3' and 5'-AGCCTGGGTTACAGATTCCACCAA -3' (165 
bp); collagen type II, 5'-TTTCCCAGGTCAAGATGGTC-3' and 
5'-CTGCAGCACCTGTCTCACCA-3' (377 bp); Sox9, 5'-ATCT- 
GAAGAAGGAGAGCGAG-3' and 5TCAGAAGTCTCCAGAG- 
CTTG-3' (264bp), collagen type X, 5'-ATGACCCAAGGACTG- 
GAATCTTTA-3' and 5'-CTGAGAAAGAGGAGTGGACATAC-3' 
(276 bp). PCR oligonucleotides and reagents used for reverse 
transcription were obtained fronn Roche (Gernnany). PCR con- 
ditions for real tinne analysis of aggrecan and nniRNAs were 
95°C for 10 nnin, followed by 45 cycles of denaturation at 95°C 
for 10 s, 60°C for 35 s, 72X for 1 s, with a final extension step 
of 40°C for 10 s. For real-tinne PCR, 500 ng of the cDNA fronn 
the reverse transcription reaction was used. PCR reactions 
consisted of LightCycler® 480 Probes Master nnix and 10 nM 
each of the forward and reverse prinners in a total volunne of 20 
^1. 

Alcian blue staining 

Cells were washed first with PBS (Gibco, USA) three tinnes and 
fixed with 10% fornnaldehyde (Signna) for 10 nnin at roonn tenn- 
perature. Staining was acconnplished by applying a solution of 
1% alcian blue 8GX (Bio Basic Canada Inc., Canada) in 0.1 M 
HCI (pH 1 .0, Signna) to the cells for 30 nnin at roonn tennperature. 
To quantify the intensity of staining, the stained culture plates 
were rinsed with PBS three tinnes and the optical density of 
extracted dye was nneasured at 650 nnn. 

microRNA transfection 

MiRNA and scrannbled RNA oligonners (NC) were purchased 
fronn Genolution Pharnnaceuticals (Genolution Inc., Korea). The 
reagents were transfected into hMSCs at a final concentration 
of 100 nM using siLentFect™ Lipid reagent (Bio-Rad). nniRNA 
nninnics and scrannbled RNA oligonners were added to cells 
according to the nnanufacturer's instructions. After a 4 h trans- 
fection, the nnedia was replaced. 
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Fig. 1. Effect of H-89 on differentiation of SFIVISCs into chondrocytes (A) Absorbance of alcian blue was detected at 650 nnn in BMMSCs and 
SFMSCs. (B) Expression of aggrecan, collagen type II, collagen type X, and Sox9 in SFMSCs was nneasured by real-tinne PCR. (C) Expres- 
sion of aggrecan was shown by ICC. (D) Expression of PRKACB and p-CREB in SFMSCs was detected by Western blot. (E) Expression of 
MMP-9 and MMP-2 in H-89-treated cells (*p < 0.05 vs control; **p < 0.001 vs control). 



Western blot analysis 

SFMSCs were collected in lysis buffer containing 1% Triton X- 
100, protease inhibitor cocktail, and 1 nnM phenylnnethylsulfonyl 
fluoride (PMSF) and incubated at 4°C for 30 nnin. Equal quanti- 
ties of proteins were then subjected to 10% sodiunn dodecyl 
sulfate-polyacrylannide gel electrophoresis (SDS-PAGE). Next, 
proteins were transferred to polyvinylidene difluoride nnenn- 
branes (Millipore, USA) at 100 V and 135 nnA for 1 h. The 
nnennbranes were then blocked with Tris-buffered saline-Tween 
20 (TBS-T 0.05% Tween 20) and 5% skinn nnilk for 1 h at roonn 
tennperature or overnight (0/N) at 4°C then treated with the 
prinnary antibodies anti-p-CREB, anti-nnatrix nnetalloprotein- 
ase(MMP)-2, anti-MMP-9, anti-PRKACB, or anti-beta actin for 1 
h at roonn tennperature or 0/N at 4°C. Polyclonal anti p-CREB 
antibody was obtained fronn Cell signaling Technology (USA); 
anti-beta-actin antibody was obtained fronn Signna; anti MMP-9 
antibody was obtained fronn Abcann (UK); and the nnonoclonal 
PRKACB antibody and the polyclonal MMP-2 antibody were 
obtained fronn Santa Cruz Biotechnology (USA). Mennbranes 
were washed with TBS-T (0.05% Tween 20) three tinnes at 
roonn tennperature and incubated with a horseradish peroxi- 
dase-conjugated secondary antibody. After washing the nnenn- 
brane six tinnes, innnnunoreactive proteins were detected using 
an ECL systenn (Annershann Biosciences, Japan). Anti-nnouse 
or anti-rabbit horse-radish peroxidase-conjugated secondary 
antibodies were obtained fronn Santa Cruz Biotechnology. Inn- 
age J software was used for quantification. 



Immunocytochemistry 

Cells were seeded on four-well plastic dishes to induce differen- 
tiation, washed twice with PBS, and then fixed with 4% fornnal- 
dehyde in 0.5 nnl of PBS for 30 nnin at roonn tennperature. The 
cells were then washed again with PBS, blocked with PBS 
containing 0.5% BSA, and then incubated for 1 h with prinnary 
antibodies including aggrecan, CD34, CD44, CD73, and CD90. 
The cells were then washed three tinnes for 10 nnin per wash 
with PBS and incubated with a FITC-conjugated goat anti- 
rabbit IgG secondary antibody (Jackson I nnnnu no Research, 
England) for 1 h. All innages were visualized by confocal nni- 
croscopy (LSM 710; Zeiss) and transferred to a connputer 
equipped with Zen Light Edition (Zeiss) for analysis. 

miRNA-linked molecular beacon design 

We developed a nnolecular beacon (MB) to detect nniRNA ex- 
pression in single cells (Kang et al., 2011). We designed a MB 
for nniRNA-23b such that it fornned a partially double stranded 
oligonucleotide. The long oligonucleotide contained the nniRNA- 
23b sequence and was the perfect reverse connplinnentary 
sequence of nnature nniRNA-23b (5'-ATCACATTGCCAGGG- 
ATTACC-3') with the sequence -5'-GGTAATCCCTGGCAATG- 
TGAT-3-CY3. The short oligonucleotide had the sequence 
Rev-3'- GTTACACTA -5'- BHQ1. The oligonucleotides were 
nnanufactured by Bionics (Korea) (Hann et al., 2012). 

Luciferase assay 

The predicted gene targets of nniRNA-23b were identified using 
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Fig. 2. Expression of nniRNA-23b in H-89-treated SFMSCs (A) Expression of various miRNAs was detected by real-tinne PGR. (B) Structure of the 
PRKACB 3'UTR showing the binding site of nniRNA-23b. (C) Expression of endogenous nniRNA-23b in SFMSCs was detected by molecular bea- 
con ICC. Red: miRNA-23b MB. The original magnification for cell images was 400X. The blue color represents DAPI-stained nuclei. (D) PRKACB 
3'UTR expression was detected by luciferase assay. Control vector or PRKACB 3'UTR vector was transfected with a negative control (NC) or 
miRNA-23b mimic. (E) Expression of PRKACB and p-CREB was detected by Western blot (*p < 0.05 vs control; **p < 0.001 vs control). 



a public database (TargetScan, vvvvw.targetscan.org). We syn- 
thesized the 3'-UTR of PRKACB, which consisted of 3189 base 
pairs and contained a nniRNA-23b binding site. A control se- 
quence containing several nnutated bases within the nniRNA- 
23b binding site was also synthesized. The corresponding 
genes were then cloned into the pnnirGLO vector. HeLa cells 
were plated at 2.5 x lO'^/well in 24-well plates. After 48 h, the 
pnnirGLO vector containing the PRKACB binding site for nniR- 
NA-23b was co-transfected with nniRNA-23b or the negative 
control using Lipofectannine 2000 (Invitrogen, USA). Renilla 
luciferase was used to nornnalize for cell nunnbers and transfec- 
tion efficiency. After an additional 48 h, luciferase activity was 
nneasured using the Dual Luciferase assay (Pronnega) accord- 
ing to the nnanufacturer's instructions (Pronnega). Each assay 
was repeated 3 tinnes. 

Statistical analysis 

Data are expressed as the nnean ± SEM. The significance of 



the differences between groups was assessed by Student's t- 
test. Connparisons between groups with nnore than two datasets 
were perfornned using one-way ANOVA with Bonferroni correc- 
tion. P-values less than 0.05 were considered significant. 

RESULTS 

Chondrogenic differentiation by inhibiting PKA signaling 
in SFMSCs 

Before the start of the study, we tested the character of SFM- 
SCs connpared to BMMSCs and ADMSCs. We detected fibro- 
blast-like nnorphology and innnnunophenotype including CD34, 
CD44, CD45, CD73 (nnennbrane-bound ecto-5'-nucleotisidase), 
and CD90 (Thy-1). Hennatopoietic nnarkers, CD34 and CD45, 
are not expressed in these cells (BMMSC, ADMSC and 
SFMSC). However, expression of MSC-positive nnarkers such 
as CD44, CD73, and CD90 was increased (Chang et al., 2013). 
We previously showed that treatnnent of hunnan bone 
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Fig. 3. Effect of nniRNA-23b on chondrocyte differentiation. (A) Expression of aggrecan, collagen type II, Sox9, and collagen type X was de- 
tected by real-time PGR. (B) Expression of aggrecan was detected by ICC. The original magnification for cell images was 400X. Green, Ag- 
grecan; Blue, DAPI-stained nuclei. (C) Chondrogenic differentiation was measured by alcian blue stain. (D) MMP-9 and MMP-2 were detected 
by Western blot (*p < 0.05 vs control; **p < 0.001 vs control). 



nnarrow derived MSCs (BMMSCs) with the snnall nnolecule 
protein kinase A (PKA) inhibitor H-89 results in their differentia- 
tion into chondrocytes (Hann et al., 2012). To extend these re- 
sults, we nneasured absorbance of alcian blue in SFMSCs and 
connpared it to that of BMMSCs. Increased alcian blue absorb- 
ance was detected in SFMSCs connpared to BMMSCs treated 
with H-89 (Fig. 1A). Expression of aggrecan, collagen type II, 
collagen type X, and Sox9 was also increased in H-89-treated 
cells (Figs. IB and 1C). As expected, expression of protein 
kinase A catalytic subunit B (PRKACB) and p-CREB, which are 
downstreann targets of PKA, were down-regulated in H-89- 
treated cells (Fig. ID). Because MMPs play a role in nnatrix 
rennodeling during chondogenic differentiation, we checked 
their expression. Sinnilarly, treatnnent with H-89 decreased ex- 
pression of MMP-9 and MMP-2 (Fig. IE). H-89 is thought to 
nnaintain a cartilage phenotype by inhibiting nnatrix breakdown 
by MMPs. Thus, these results suggest that H-89-treated SFM- 
SCs should be able to differentiate into chondrocyte. 

Expression of miRNA-23b in H-89-treated cells 

We next evaluated expression of endogenous nniRNAs in cells 
treated with H-89 for 11 days. We previously observed that H- 
89, which was deternnined to target PKA by Target Scan, induc- 
es significant expression of nniRNA-23b in chondrocytes (Hann 
et al., 2012). MiRNA-23b was highly expressed connpared to 
other nniRNAs in H-89-treated cells (Fig. 2A). Figure 2B shows 
the sequence of nniRNA-23b and its target PRKACB. Expres- 
sion of endogenous nniRNA-23b was detected at the single cell 



level using a nniRNA-23b nnolecular beacon (MB) in H-89- 
treated cells. Increased nniRNA-23b level was detected in the 
cytosol of differentiated chondrogenic cells (Fig. 2C). To deter- 
nnine whether nniRNA-23b interacts with the PRKACB 3'UTR, a 
control or pnnirGLO-PRKACB vector was co-transfected along 
with nniRNA-23b or a negative control in HeLa cells. In this 
assay, targeting the 3'UTR of PRKACB resulted in decreased 
luciferase activity (Fig. 2D). Consistent with this observation, 
the expression of both PRKACB and p-CREB was decreased 
in nniRNA-23b-transfected cells (Fig. 2E). Together, these re- 
sults indicated that treatnnent of cells with H-89 induced nniRNA- 
23b expression, which inhibited PKA signaling. 

Chondrogenic differentiation in miRNA-23b-overexpressed 
SFMSCs 

We next exannined the ability of nniRNA-23b to induce chondro- 
genesis. The expression of the chondrocyte nnarkers collagen 
type II, collagen type X, and Sox9 was detected by real-tinne 
PCR and aggrecan was detected by RT-PCR. All chondrogenic 
nnarkers were increased in cells transfected with nniRNA-23b 
(Figs. 3A and 3B). In addition, transfection of nniRNA-23b re- 
sulted in an approxinnately-3 fold increased in absorbance of 
alcian blue connpared to that of the control (Fig. 3C). As shown 
in Fig. IE, transfection with nniRNA-23b also resulted in down- 
regulation of MMP-9, and MMP-2 connpared to control cells (Fig. 
3D). Based on these results, nniRNA-23b appeared to induce 
chondrocyte differentiation. 
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Fig. 4. Chondrogenic differentiation of SFIVISCs co-treated with H-89 and nniRNA-23b -co-treated. Aggrecan, collagen type II, Sox9, and colla- 
gen type X expressions were measured by (A) real-time PGR and (B) ICC. (C) The absorbance of alcian blue was measured at 650 nm. (D) 
Endogenous miRNA-23b was detected using a miRNA-23b MB (Red). The original magnification for cell images was 400X. All cell images 
were merged with images of DAPI-stained nuclei. (E) MMP-9, and MMP-2 were detected by Western blot (*p < 0.05 vs control; **p < 0.001 vs 
control). 



Effects of H-89 and miRNA-23b for differentiation into 
chondrocyte 

We next wanted to deternnine if co-treatnnent with nniRNA-23b 
and H-89 could induce differentiation of SFMSCs to chondro- 
cytes. Expression of aggrecan, collagen type II, Sox9 and col- 
lagen type X was detected by real-tinne PCR and intracellular 
aggrecan level was detected by innnnunocytochennistry as de- 
scribed above. Cells co-treated with nniRNA-23b and H-89 exhi- 
bited increased aggrecan expression (Figs. 4A and 48). Alcian 
blue staining was increased in cells treated with either H-89 or 
nniRNA-23b, while co-treatnnent with nniRNA-23b and H-89- 
treated resulted in significantly increased alcian blue staining 
(Fig. 4C). Endogenous levels of nniRNA-23b were also in- 
creased in cells co-treated with H-89 and nniRNA-23b (Fig. 4D). 
Lastly, co-treatnnent of H-89 and nniRNA-23b decreased ex- 
pression of MMP-9 and MMP-2 (Fig. 4E). Together, these data 
suggest that co-treatnnent with nniRNA-23b and H-89-treated 
induced chondrogenic differentiation by down-regulating PKA 
signaling. 

DISCUSSION 

MSCs exhibit nnuiti potentiality, and can differentiate into chon- 
drocytes, osteocytes, adipocytes, astrocytes, and cardiac nnyo- 
cytes both in vitro and in vivo. In addition, MSCs possess po- 



tent innnnunosuppressive effects that inhibit the activity of both 
innate and adaptive innnnune cells, which can innprove angio- 
genesis and prevent fibrosis. Therefore, MSCs are potentially 
an innportant source of cells for therapeutic applications for OA 
and RA (Lohnnander and Roos, 2007). 

When joint injury causes rupture and bleeding, synovial fluid 
contains blood for several days. Such vessel injury and bleeding 
pronnotes the expression of cytokines and chennokines including 
IL-6, TGF-p, and HGF that consequently recruit MSCs. Inflann- 
nnation can also increase the nunnber of MSCs during the early 
healing phase; however, inflannnnation itself is not sufficient to 
nnaintain this increase in MSCs (Morito et al., 2008). Nornnal 
healthy SFMSCs are able to differentiate into chondrocytes and 
can be used for OAtreatnnent (Dunn et al., 2009; Hong and Red- 
di, 2013). The problenns for OA treatnnent using SFMSCs fronn 
nornnal donors, however, is the required surgical invasion of nor- 
nnal donor, restricted yield of MSCs in synovial fluid (SF) fronn 
healthy donor (--0.025% of total SF cells) and linnited ex vivo 
expansion of chondrocytes (Jones et al., 2008; Sekiya et al., 
2012). Thus, SFMSCs fronn patients nnight be an alternative ther- 
apeutic strategy for OA and RA because of the abundance and 
accessibility of hunnan synovial fluid. 

The nnolecular nnechanisnns that regulate chondrocyte differ- 
entiation are not connpletely understood. MiRNAs function as 
endogenous regulators of gene expression by targeting the 3' 
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UTR of target genes. Recently, several studies dennonstrated 
the induction of differentiation of cells into chondrocytes follow- 
ing treatnnent with nniRNAs. Specifically nniRNA-140, -199 and - 
574-3p have been shown to regulate differentiation of stenn 
cells into chondrocytes (Guerit et al., 2013; Karlsen et al., 2014; 
Lin et al., 2009). Moreover, various nniRNAs including nniRNA - 
140, -143/145 and -221/-222 also regulate chondrogenic differ- 
entiation fronn articular cells (Dunn et al., 2009; Hong and Reddi, 
2013). Likewise, protein kinases connprise a large fannily of 
proteins that are able to induce differentiation of stenn cells into 
various cell types (Hwang et al., 2008). In this study we sought 
to innprove the therapeutic possibility of SFMSCs by inducing 
their differentiation into chondrocytes using nniRNA-23b and the 
snnall nnolecule PKA inhibitor H-89. 

In previous study we dennonstrated that both nniRNA-23b 
and H-89 induced chondrogenic differentiation in BMMSCs 
(Hann et al., 2012). Based on our previous research, we studied 
whether differentiation of SFMSCs into chondrocyte was nnore 
useful than differentiation of BMMSCs into chondrocyte for 
treatnnent of OA patients via autologous transplantation of dif- 
ferentiated cells. Figure 1 A showed the increased chondrogenic 
differentiation potential of SFMSCs fronn patients connpared to 
BMMSCs. In addition, several studies dennonstrated that SFM- 
SCs have the greatest expansion and chondrogenic ability in 
vitro connpared to MSCs fronn other tissues (Koga et al., 2008; 
Sakaguchi et al., 2005; Segawa et eal., 2009; Yoshinnura et al., 
2007). The results indicate that SFMSCs are a superior cell 
source for treatnnent of OA or patients. Thus, our present 
study suggested that these differentiated stenn cells nnay be an 
innportant tool for autologous stenn cell therapy in repairing 
dannaged cartilage. 

One problenn arising fronn our study is the expression of type 
X collagen. To overconne this problenn, the nnethod of co-culture, 
nnixing with chondrogenic cells and MSCs, is suggested for the 
potential cellular crosstalk, instruction, and stabilization of the 
condrogenic phenotype. This nnethod nnay be one solution to 
overconne the problenn. 

During MSCs differentiation into chondrocyte, MMPs play an 
innportant role in ternninal endochondral ossification at the hy- 
pertrophic stage (Wu et al., 2002). Extracellular nnatrix (ECM) 
rennodeling by degradation of collagen is also nnediated by 
MMPs (Olivotto et al., 2013). Especially MMP-1, -2, and -9 play 
a role for nnatrix rennodeling by inducing degradation of colla- 
gens (Lee et al., 2011 ; Sherriff-Tadano et al., 2006). In our study 
expression of MMP-2 and MMP-9 was decreased in chondro- 
genic differentiated SFMSCs. 

Chondrogenic SFMSCs (differentiated cells) are presunned to 
have several advantages in cell therapy-based cartilage regen- 
eration. These cells can innprove callus bionnechanical proper- 
ties and pronnote cartilage fornnation. Furthernnore, chondrogen- 
ic SFMSCs that expressed nnultiple cartilage-specific like nnark- 
ers can induce fornnation of stable cartilage as well as contrib- 
ute to fornnation of nnineralized deposits within the original carti- 
laginous nnatrix (Hong and Reddi, 2013; Myers et al., 2010; 
Pelttari et al., 2008; Vinatier et al., 2009). In addition, transplan- 
tation of autologous SFMSCs fronn patients reduces innnnuno- 
logical rejection and ethical controversy. 

In conclusion, inhibiting PKA signaling in SFMSCs using H- 
89 and/or nniRNA-23b nnay be a useful tool for developing 
treatnnents for patients with degenerative arthritis. Use of chon- 
drogenic differentiated SFMSCs as a unique source of stenn 
cells was an innportant aspect of this study and nnay be useful 
for developing clinically relevant treatnnents for patients with 
and OA. 
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